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SEAL ASSEMBLY 

This invention relates to a novel seal assembly. 

5 Natural gas is commonly transported, in bulk, across land through large diameter (eg 
24 inch) steel pipelines. It is not imcommon to introduce offtakes or three way joints 
at certain points on the main transmission pipeline. Currently, a three way joint is 
welded into the pipeline, following the removal of a section of pipe. This procedure 
when carried out with gas loaded into the line is hazardous and expensive, involving 
10 the installation of a secondary "loop" through which to bypass the gas whilst the joint 
is installed. 

We have now foimd a novel form of seal which is capable of acting as a primary 
sealing element that can provide a seal between a main transmission line and bonded 
15 branch connectioiL The seal must withstand service and test pressure including 
pressure reversals and must also be able to accommodate eccentricity of the branch 
connection to the main pipeline. 

Copending British Patent Application No. 9917 360.1 describes a novel method of 
20 securing a branch assembly to a pipeline. Such a method requires a specialised seal 
which is not only adapted to operate under significant pressures but can also be fitted 
to non-planar or arcuate surfaces. 

British Patent Application No. 1214986 describes a sealing means for use with a pair 
25 of pipes which are angularly movable relative to each other. Generally, the sealing 
means comprises an aimular body portion and a pair of spaced tongues, the tongues 
being provided with inwardly inclined ears. However, the seal described therein is 
designed for use in connection with "parallel" pipeline flange joints. The seal does 
not provide a solution to the problem of forming a fluid tight seal in a branched 
30 pipeline. 
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: thus it isjmown to use."U" rtnig seals in presswe systems^ wiierem the pressj^e acts 
. on the side, wall of the U.ring. ^ However,, we have nqw siaprisingly found a. novel 

seal assembly which is sufficiently flexible so as to be adaptable to fit parallel, 

planar, arcuate or convex sxjrfaces. 

- Thus according to the inventioi^v We provide . a seal assembly adapjted .fo^ use in a 
pressurised sy^m which comprises- a mg s^eal prp\qded . w^^ at,4past a pair of 
primary sealing lips radially disposed, on. a first,, circurnferential, facecof the ring, the 
second, radial face of the ring seal being provided with means for dispersing 
10. pressurised fluid. . = ^ ; . . . . . ... ... 

In a preferred embodiment of the invention the.ineans for dispersing pressurised fluid 
comprises means for dispensing pressure in a circiimferential and a radial direction. 

15 The seal of the invention, is. EKiyantagequs in that it is especially usefiil . in .pressure, 
systems since the pressure acts, on jfljie w of :the ;lips and the portion of the seal 
joining the hps to eahanpe die pressiirised -fluid^ seal produced. The seal will 
hereinafter be described ^s a radial ^ ring seal. ^ . . ^ • r 

20 ,In conventioiial land based pipe.flines the pressure differential is such:that the intemal 
. face of the se^. experiences .greater .pressure 1^ external face,- Thus^ in such an 

embodiment, the first circimiferpntial.f^^ of the seal is the inner face and the second 
circumferential face is. the-puter faQe. . , j : - .r • ^ . r : 

25 . . In a further enibochment.of the.i^^ be such. that sthe 

. ^ ^xtpmal pressure on the seal, is rgr^ter than-lhe. into -pressure. Such- seals :are, for 
e>^ample, advantageous in tlmtlh^ siiitable for sulvsea pipelines, i . 

In an alterative embodment ot use in, sub-sea applications, it may 

30 : be necessary .to- provide, means of sealing^ to- prevent the ingress of water Avhich may 
be (at .times), at a higher pressure than the pipeline flmd. In this case a pair, of primary 
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sealing lips may be radially disrpbsed jBroin an outer circumferential face ot the ring, 
' - whilst means for disj)ersing pifess\irised fluid is provided* on the toner radial face of 

■^'^ thering;" ■ ' ^ ^' - ' '" 

5 The dispersing means may comprise a labyrinth seal, which may be located on the 

' • radial face of theseal-:- In a preferred Embodiment both radial faces of the 'radial U 

^ ring seal ltre proXdded'with apressuris^^^ ifieinber; ifl'^?sfech case the 

* - labyrinth seals miay be the same or difF^ ^- ' ^ * ' " ' * 

10 Labyrinth seals aire Imowh to caiise reductions in pressure across *the radial width of 
the seal. Thus, the labyrinth seals izsed may comprise an array of apertures. 

- Alternatively, the labyrinth seals may only be partially cut through such that the se^ 
comprises a plurality of hollows or holes. ' The apertures or holes (together referred t&' 
as 'the bulkheads") may be arranged irregularly or preferably, in a regular pattern. 

15 When a regular pattern is used a ^''brick-Ji>ond''' pattern is preferred, that is, th^ 
bulkheads are offset^in- relation to one another? ' Ori 'oppbsitb si^es of the seal faciei 
the bulkheads niay be circumferentially offset to one another, for example, by half the* ' 
pitch of the bidkhead. Alternatively, the -bullche^S may^ nof necess^ be offset 
Although it is within the scope of the present invention for the labyrinth seals to be 
20 separate to the radial U ring seal,- or to be bbiided to the radial U ring' seal, it is * 
• ' preferred that the labyrinth seal is an integrappart of ^e radial U ring seal. When the 
' aperttifes or holes are in a regiilaf ;^^ pa^m t^ two of three 

circumferential rows. Two circumferential rows ^i-epire^OTed, ■ ' - • ' 

25 - The thickness of Hit labyrinth 3e3i rna^ ^r%^,'\M is preferably *frdm 1 to Sniin, more 
preferably 'from 1 .0 to 2.5 mm." The dmSeiisiicSLS 6'f-thb apfeftxires or holes may also be 
varied depending upon, inter a/zaV the^pfessufe the 
material of which the seal comprises, etc. However, it is preferred that the apertures 

- or holes have a.depth of from 015 to 2;0 ram *aii<f mdfepfe^^ 1\5 mm. 
30 ; For ease of mmiifactoirig the apertures orfables ai-e ^reffeSably substintially'the same 

size and shape ahd- miy be substaniially rectahgijJa^^^^ diinehslois of fironi 5 to 
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10 

mm rfldi&l Width, by 1 5 to 20 nun circumfcrcntiHl length, prcfbrsbly 8 by 1 6 mm 
When rectangular apertures/holes are used then the longest side is preferably 
circumferential. 

: ■ • ' - i f • ; ./ ot .riu-:/-..: e r v^i: l:-^ : 

5 Any conventionally known materials may be used in the manufacture of the seals of 

the invention and preferably the labyrinth seal portion comprises the same material as 

the U ring portion of the seal. Such materials include elastomers and/or plastics. 

Examples of elastomers include, but are not limited to rubbers, e.g. natural or 

synthetic rubbers. Of these S3aithetic rubbers are preferred such as nitrile rubbers, eg 

10 acrylonitrile butadiene copolymer (NBR), hydrogenated acrylonitrile butadiene 

rubber (HNBR), fluoroelastomers (FKM), such as Viton or perfluoroelastomers 

(FFKM), such as Kalrez. (Viton® and KairezC© are available from Du Pont Dow 

Elastomers). Examples of plastics materials include fluorinated polymers such as 

PTFE (polytetrafluoroethylene). 

15 . V - - 3 . ' • 

The hardness of the elastomer, e.g. HNBR, may be varied. However, it is preferred 
that the hardness lies in the range of from 50 to 95 degrees Shore A. 

The pressure which the seals of the invention are designed to tolerate may be up 105 
20 to 110 bar under test conditions and from 20 to 70 bar under conventional operating 
conditions. Moreover the seals of the invention raay withstand external pressures of 
up to 350 bar, e.g. from 20 to 350, preferably from 70 to 300, more preferably from 
105tol80bar. 

25 Under operating conditions there may be a risk of circumferential extrusion between 
the outer portion of the seal and the pipes. Thus, in a prefeired embodiment a 
reiiiforcement member aroxmd the outer circumference of the seal eg a coiled spring. 
The spring is preferentially a metal spring eg a steel spring. 

30 Furthennore, since the seal assembly is free to . continually e^q^and in a radial 
direction under the woiking pressure acting on the lips of the seal. Thus, in a 



WO 01/20201 



4 



WO 01/2t>201 PCT/GBOO/03547 



preferred enibodunent of the invention the seal may be.provi4ed with a containment 
member. Such a containment member preferentially comprises a metal ring situated 
on the non-pressure facing surface of the seal. The containment member may 
optionally be integral to the seal ..ring or may be separate. .... 

5 : 

-.J ' ' -ci:-: ' , ' ^* •. <: t:' . ' 

Thus in land based pipelines the containment member is preferentially on the outer 

surface of the seal ring. Ho^yever, for use in connection with sub-sea pipelines, the 

contaimnent member is preferentially on the inner surface of the seal ring . 

10 In systems where the pressure dijfferentiial across the seal may be variable and/or in 
sub-sea applications a plurality of seal rings of the invention may be used. For 
example, an outermost seal may comprise a seal with outer facing sealing lips and an 
innermost seal may comprise a seal with inner facing sealing Hps. In such a system 
the innermost and outermost seals may be separate, but may or may not be positioned 

1 5 adjacent to each other. 

However, in a yet further embodiment of the invention a seal is provided wherein the 
seal comprises an irmermost seal and an outermost seal which share a common 
containinent member. 



20 



25 



Thus according to a further feature of the invention we provide a seal assembly 
adapted for use in a prescribed system which comprises a pair of primary sealing lips 
radially disposed on an iimer circimiferential face of the seal ring, the primary and 
secondary lips being connected by a containment member. 

In a preferred embodiment of the invention the seal is provided with means for 

. r >: ' • _i . \. '\: - ^ -i\,\j is"\^. •^::.n?. hiriQ".: r,r .r 
dispersing pressurised fluid as hereinbefore described. Further the seal assembly as 

hereinbefore may comprise a single conmion containment member 



30 The common "containment member may optionally be integral to the ring seals or 
may be separate. 
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The seal assembly of; the invention finds utility particidarly: asrJapge pipeline seals 
sxich as may be required in .the oil; chemical, water gas .fields. They, are capable of 
sealing surfaces which are parallel; non-parallel, eg by up to 5mm; :or , arcuately 
/eccentric, ,as may be.fpund when apportion of the, side wall of .a pipe may be cut away. 
The seals are especially useful in introducing, for example, a i^ee way joint, into a 
pipeline by connecting.tjvQ pipes. - i. v; i - r, ■ —j ^ . - v h. ^ \ 

. Thus the seal: assembly friay.be. suitable for use, in land based: pipelinesror sub-sea 
pipelines, . : .r • r ■:: *j * * " :^ - ! r;-.v ' 

:' • ■ ■ •■ • J . / f ' " ': r . : r ' . • . . ; 

According Jo. a further feature of the invention we pro^dde a taethod of introducing a 
three way joint into a pipeline which comprises ,a hole in a pipe and attaching a 
second pipe over the hole wherein the seal of the invention lies between the two 
pipes. : . :r ' : ^ ^ ' -r . , v- : ' ■ . * ^ " 

We fiirther provide, .a la^ethp^iL^as hereinbefore described which is suitable for use in a 
variable pressure system, such as a sub-sea system. Such a method may comprise 
using a plurality of seals of the invention. The method especially comprises using an 
iouteimbst:,seal which mayi be provided with outser facing' sealing lips and an 
innermost^ seal which may be provided witit inner facing, sealing^lips. ^ in such a 
system "the Innennost and;outeim may be separate, but may or may not he- 

positioned adjacent to.each-ot^ t'.^t^'- -rr : ' , . ': \ ' ^ ' • 

The invention will now;be- described byway of example only and with reference to 
the accompanying drawings in which; 

. . r 1 r Figured is aipCTspectiy^. yi^^qf 'fjsegment of ai conventionally used U ring; 

Hgure:-2 is ^ pCTsp.^.c^ye;;Miew. of a. segment of a radial: U ring seal of the 
iilVCTCtion;^. • o-r;-.-. c:; ' ..^ ' • ' : . : v: ■ - 

; . . . ijigure 3:is -a cro^s-seption of a segment of a radial.U ring seal'provided with a 
labyrinth seal; . . r- - 

Figure 4 is a cross-section of the complete seal of the invention; 
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r v; : .'^ •: Eigilre '5 is atplan Viesw ot the complete seal of the^mY«rtion;=^'' - • - ' 
..... :; Figure 6 is "la cross^s^tion of-'tiie seal of "the mventicm for use in sub-sea 
: -vpipelinesrand q-^ ' iv ;; ' . : : .r, v/r • : ... :> , . 

: v.: * \ ' Figure ^ is 'a cross-section of a branched-istib-^^ea 'pipeline ^usiagth^ seals of 
- 5^:t: ' the invditioiijand * -"^^^ - ; ^ -''l -Ji^" n . .: ...^ - -i :t ' . , ^: ■: " ' 
Figure 8 is a cross-section of a dual seal assembly.. - ' - . - - - - v ' 1 

Referring to; Figure T a coiivdntionai U'riiig-sejal.(wbach is'^iyt of the inventidfi) a seal 
(1) comprises lips (2 and 3) and Up joining section (4) and a body (5). Thie b6dy (5) 
10 has outer walls (6 and 7). The seal (1) which is shown in segmmt onJy, is 
.- .substantially circular such that the wall (6) is bn' the inside of &e cirde md t^^ 
(7) on the oirtside of the circle: • V ' » ' 

With reference to Figure 2, a radial U ring lip seal (8) comprises lips (9 and 1 0), a lip 
1 5 joining section (1 1) and a body (12). The body (12) has outer faces (13 and 14), The 
seal. (8) is substantially circular' such- the :lips . (9 - aiid-tO)i face^ inWiards; towards'^e 
centre. I \ .. '^-^^^ •* . - .-u^' • . . r i^r t'^\,: z--:. . -v-t , 

With refererice to Figures 3 to 5, a lip seal (&) eebifftises lips (9 and '10)^ the body 
20 (12) bf the sed being pro vided twith labyrinth s^S'^lS and' 16) on each face (13 and 

14) respectively.' The labyrinth seals (IS'cund- 16)- afe iii*^ "brickwork'-^ arrangement. 

The body (12) of the seal (8) is provided with a^lsupport ring (17) iii'-the form! of a 

coiled spring moulded into the seal body (12). The seal (8) is also provided with a 
. contaixmient ring (18) on the face' outermost from the^ceiitre. n 1: • . .1 

25 :fl jui-v it: >3a.; 'V . 

..With reference to Figure. 6; a subrse?t>li^>Se?afc'(l&^^ lipsi(2Qland 21), the 

body of tibe seal being provided', with labyriiith- 's^^ l^iot sh6v&i) :as; ^Hereinbefore 
described. The lips (20 and 21) are positioned on the outer facing surface-(22) 'oT the 
seal (19). The::: body is . provided wil3ii:?[> suppdr&?ring^23) and^optibiially with a 
30 containment member (not shown). -^i-:-.- - .. 
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With reference to Figure 7, a sub-sea pipeline (24) comprises a mai^/pipe body (25) 
and a branched pipe (26). The main pipe (25) is provided with an aperture (27) 
: w is coincideiit with liie branched pipe •(2€):. -The brancjied pipe (26) is provided 
, rwith a ,fl?ii>ge (28) which pv^rUes, the main ^pipe i(2-5),/ The^'gap (^ between the 
5 _rj flange (28) and the m^dn pipe^bpdy ,(25). is plugged, with: seaj (30) and seal (31a). 
Seal (30) is provided with inward facing hps (32). which acts to prevent leakage from 
inside the pipeline (24). Seal (31) is provided with outward facing lips (33) which 
, acts to prevent, .feakage /into the: pip,^me, (24) :if the external pressure /is greater than 
. ; th^ internal pressure. , m, - . | : ; \: ... - .v : v.:. 

10.. ..r\.v..:'' -r - . ■;: . .... 

With reference to Figure 8, a radial U ring (34) is adapted for use in a variable 
pressure system. The seal (34) comprises a pair of inner facing .lips (35 and 36) 
attached.to a first body portion (37), ;The body. (37) is pro%Tided with asupport ring 
(38) and a containment ring (39). and the containment ring (39) is adjacent the 
15 support ring (39). The containment ring (39) may be integral to the support ring (38), 
or may be, for example, -fe onto .the support rings X3.8), or naay simply be 
sandwiched into position.. : , .,0^ . ' 

The containmentj ijng. (39)j has a first face. (40).- which abuts.pr is connected to the 
20 support ring (38) and a second opposite face (41)> .'The second fece (41) is situated 
adjacent to a second support ring* (42), the support ring (42) being, attached to a 
second body (43) which is provided with lips (44 and 45). 

Each of the bodies (37 and 43)^is pro\dded with-labyrinth seals (46, 47, 48, 49) on the 
25 respective radial faces (50, 51, 52, 53). . -. ; . . 
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.'CLAIMS'^- ^ • ■ ^ ^ • "■^-■^ i-^.:- 

' - ' ' 1,-. 'A seal assbaiMy adapted for-.use in a prfesspurised' syStein wKich comprises a 
- ^ - seal ring plrdvideSl^'vvdth a^^ of- pri^bia^y sealing displbsed on a 

- 5 'first, eirciiinferfeMati'fade- of-th^ ring; k jsec0rid7 radiaivface of the -ring seal being 
'* ' jprbvided' with mea6s for dispersing p -u. v) . 

2. - ! A -seal -assdjoabiy- according ta-eraim T fchafactOTS^^ that the means for 
dispersing the pressurised fluid comprises means for dispersing pressure-' in a 

10 circumferential direction. 

3. A seal assembly accbrding to claim 2 characterised in that the means'^for 
' dispersing* the pressurised fluid comprises means for dispersing pres^e^ in^ a 

circiiinferential direction and a radial direction. - - • '\ 

15 ' • ' • . . c * 

4. A seal assembly according to -claim 1 'characterised in that the means; "for 
dispersing the pressurised fluid is a labyrinth seal located dn the radial side face. ^ 

5. - A seal assembly according to claim l^^-oha^racterised- in that the" 'first 
20 circumferential face of the seal is the inner face aM the -secdrid -circimifereiitial face 

is the outer face. ' , . .^' rr^- rcc :;. : .r- 

6. A seal assembly according to claim 1 characterised in that the seal is adapted 
to be used in a system wherein the external pressiire bii^e seal is greater than? the 

25 internal pressure. • " - - • ^ : " ^ . . ^. . i *. 

7. A seal assembly according to claim 6 characterised in that the primary sealing 
lips are radially disposed &om an outer circumferential face of the ring, whilst means 
for dispersing pressurised fluid is provided on the inner radial face of the ^I3tgi , . 

30 
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/8. A seal assembly according to claim 1 characterised in that both outer side 
faces of the radial U ring seal are provided with a pressurised fluid dispersing means. 

9. . A seal assembly according to claim 7 characterised in that the labyri^ifh seal 
comprises a plurality of apertures. 

10. .A seal assembly according to claim 7 characterised in that the labyrinth seal 
comprises a plurality of holes. 

11; A seal assembly according to claims 9 or 1 0 characterised m that tiie apertures 
or holes are arranged in a regular pattern, 



12. A seal assembly according to claim 1 1 characterised in that the regular pattern 
is a * brick-bond' pattern. 

13. A seal assembly according to claim 1 characterised in that the means for 
dispersing the pressurised fluid an integral part of the radial face of the seal ring. 

14. A seal assembly according to claim 12 characterised in that the apertures or 

holes are in a regular pattern of two or three circumferential rows. 

• "* V ■ :. ■ ..• - ' ' Lw . - - •: 

15. A seal assembly according to claim 14 charactCTised in that the apertures or 
. holes are in a regular pattern of two circumferential rows. 

16. A seal assembly according to claims 9 or 1 0 characterised in that the apertures 
or holes are from 0.5 to 2.0mm deep. 

17., A seal assembly according to claims 9 or 1 0 characterised in that tiie apertures 
or holes are preferably substantially the same size and shape. 
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18, A seal assembly according to claim 1 characterised in tiiat the assembly is 
adapted to tolerate from 20 to 70 bar under conventional operating conditions. 

19 A seal assembly according to claim 1 charaeteriised in that&^ seal is provided 
5 with a containment member. - . <. - ..^ 

20. seal assembly accordmg to claim 1 characterised in ifliat the containment 
member is on the outer surface ofthe ring seal. ' 

10 21 A seal assembly according to claim 1 characterised in that the containment 
member is on the inner surface of the ring seal. ^ ' 

22. seal assembly, according to claim 21 characterised in that the containment 
member comprises a reinforcement member aroimd the outer circimiference of the 

15 seal. 

23. A seal assembly according to claim 1 chiactensed in that the reinforcement 
member is preferentially a coiled spring. 

20 24. A seal assembly according to claim 1 characterised in that the seal is provided 
with a containment ring around the outer circimiference ofthe seal. 

25. A seal assembly which comprises a pair of pnrnary ^^^^^ lips radially 
disposed on an inner circumferential face of the ring seal, the primary and secondary 

25 hps being connected by a containmenfmernber^^^ 

26. A method of introducing a three way joint into a pipeline which comprises a 
hole in a pipe and attaching a second pipe owr ' the hole wherein tiie seal of the 
invention lies between the two pipes. ' ' ' ' ' 

30 
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27. A method according to claim 26 characterised in that the method comprises 
using a plurality of seals according tp claim 1 . 

28. A method according to claim 27 characterised in that the method comprises 
5 using an outermost seal which is provided outer facing sealing lips and an innermost 

seal which is provided with inner facing sealing lips. 

29. A method according to claim 20 characterised in that the innermost and 
outennost seals are separate. ! ' 

30. A seal assembly substantially as desaibed with reference to the 
accompanying examples. 

15 



20 



25 




40 



12 



INTERNATIONAL SEARCH REPORT 



Intern nal Application No 

PCT/GB 00/03547 



A. CLASSIRCATtON OF SUBJECT MATTER 

IPC 7 .F16J15/12 F16L41/04 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 F16J F16L 



Documentation searched other than minimum documentation to the extent thai such documents are Included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Categfoiy * Citation of document, with indicaUon. where appropriate, of the relevant passages 



Relevant to claim No. 



FR 1 549 562 A (CEA) 

13 December 1968 (1968-12-13) 

page 2, left-hand column, line 48 - line 
60; figure 2 

GB 1 214 986 A (SAL) 

9 December 1970 (1970-12-09) 

cited in the application 

page 1, line 55 -page 2, line 23; figure 

US 5 040 828 A (KANE) 

20 August 1991 (1991-08-20) 

column 2, line 47 - line 64; figures 2,3 



1,2,5-8, 

13,18, 

19,25 



1.2 



1.21,22, 
26 



□ 



Further documents are feted in the continuation of box C. 



0 



Patent family members are listed in annex. 



^ Special categories of dted documents : 

■A' document defining the general state of the art which Is not 
considered to be of pailicuiar relevance 

'E' earfier document but published on or after the international 
filing date 

•L* docu merit which may throw doubts on priority claim(s) or 
which is cited to establish the pubiication dale of afK>ther 
citation or other special reason (as specified) 

"0* document referring to an oral disclosure, use. exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing dale 
or priority date and not in conflict with the application but 
dted to understand the principle or theory underlying the 
invention 

•X* document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

•V document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual oompletton of the international search 



29 November 2000 



Date of maifing of the intematk>nal search report 

06/12/2000 



Name and maifing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Riiswijk 
Tel (+31-70) 340-2040, Tx. 31 651 epo nl. 

Fax- (+31-70) 340-3016 



Authorized officer 



Narminlo, A 



Poim PCT/JSA/210 (saeond sheet) gu^ 1*992) 



DnrERNmONAL SEARCH REPORT 

...drmation on patent family members 



Interr nal Apptication No 

PCT/GB 00/03547 



' Patent document 
cited in .search report 


. ™ ■ 


^Publication ' 
1 date 


Patent family 
memb6r(s} 


... 


> i / * . RuWidafibn ; *I .J 


FR 1549562 


A 


13-12-1968- ■ 


• NONE- - 


... . 






GB 1214986 


A ' 


09-12-l_97b 


NONE 


l'« ' 






US 5040828. ... 


A. 


J,.,2^)^08.-19?l.. : 


NONE' ..:.: . . .• . 




































it- * ' 








♦ t - 






■ i» • * 






* - - ■ • 






i ' ■ » -t 




































— 












"y' % ' J ^, • 


..7... ' 


































































/•* 


























... 


v. 














'•1 










































f •» 




y 
















" I, 








i 





































































Form PCT/lSA/210 (patent family annex) (July 1992) 




THIS PAQE BLANK (USPTO) 




wo 01720201 



PCT/GBOO/03547 



2/6 




Fig. 4 



SUBSTITUTE SHEET (RULE 25) 




THIS PAGE BLANK (uspto) 




wo 01/2*0201 



PCT/GBOO/03547 




SUBSTITUTE SHEET (RULE 26) 



THIS PAGE BLANK 



; ! 



i 1 



i i 



3 ,oi- 



wo 01720201 PCT/GBOO/03547 




Fig. 6 



SUBSTITUTE SHEET (ROLE 25) 



THIS PAGE BU«4K (Msinov 



/ 



V.' 




SUBSTITUTE SHEET (RULE 25) 



T^JS PAGE BLANK (Msm 





Wo 01/20201 




Fig. 8 



cHRSTITirre SHEET CRULE 25) 



